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(54) Multiple-level home area pricing for cellular mobile telephones 



(57) The invention is related to a method and equip- 
ment used by a radio communication device (2) in a cel- 
lular network to determine whether a particular area 
specific service is applicable. A base station (6) trans- 
mits a first character sequence (4) which is advanta- 
geously a binary number. The radio communication de- 
vice (2) selects on the basis of a second character se- 
quence (5) stored in its memory (12) certain characters 
of the first character sequence (4) for examination. A 



logic AND or OR function (1 5 - 20) is performed for these 
characters indicating whether said service is applicable. 
By adding area specific character sequences (7) to the 
message sent by the base station (6) and making the 
recognition algorithms of the radio communication de- 
vice more complex it is possible to establish a versatile 
service system with geographical and temporal varia- 
tion. Said service can be, for example, area specific pric- 
ing. 



CM 
G) 

O 

Q- 
LU 




XXXXXX 

vs. ? 
Y Y Y Y YY 




Fig. 1 



EP 0 749 254 A1 



Description 

The invention relates in general to the use of termi- 
nal location information in mobile telephone systems 
based on cellular networks and in particular to determin- 
ing and indicating to the telephone user the call tariff ap- 
plicable on the basis of the location of the terminal. 

Digital mobile telephones operating in cellular net- 
works are quickly becoming the most important person- 
al communication media. Communication in a cellular 
network occurs via fixed base stations, and mobile tel- 
ephone users are free to move with their phones within 
the coverage area of the system consisting of base sta- 
tion coverage areas, or cells. In addition to mobile 
phones, many kinds of other terminals may also be used 
in cellular networks, but below we will use the mobile 
telephone as an example. 

Pricing of calls is based on an agreement between 
a user and network operator. From the point of view of 
competition between operators it is preferable that an 
operator be able to offer different pricing systems 
amongst which a suitable alternative can be selected for 
each user. One known pricing system is the so-called 
home area pricing, in which a user (or rather his or her 
terminal or the module intended for identifying the user) 
is assigned a so-called home area comprising the cov- 
erage areas of a certain base station or certain base sta- 
tions and in which the user can make and receive calls 
at a cheaper rate. Then it is needed a method to deter- 
mine whether or not the user is located in his or her 
home area. Usually the user also wants that his or her 
telephone somehow indicates whether or not the home 
area tariff is being applied, and preferably the telephone 
should make this indication while in the idle mode, ie. 
when no telephone connection exists at the telephone. 

It is known several methods to implement said 
home area detection and tariff indication. In one system, 
a telephone listens to the identification code, or Cellld 
parameter, of the base station in the coverage area of 
which it is located and compares that code with the list 
of home area base stations, stored in the subscriber 
identity module (SIM) of the telephone (terms related to 
the GSM system can here and below be generalized to 
relate to other systems as well, where applicable). In a 
second system, an alphanumeric code is transmitted via 
base stations in the so-called cell broadcast format, and 
that code may be, for example, the name and/or postal 
code of a town or city which will be provided directly on 
the display of a telephone, whereby the user shall de- 
termine whether or not he or she is in the home area or 
not. A third system is also based on said cell broadcast, 
but there each base station sends its geographical co- 
ordinates to the telephone. The home coordinates of the 
telephone and the radius of the home area are stored 
in the telephone, preferably in its SIM. The data process- 
ing unit of the telephone calculates the geometrical dis- 
tance between the base station coordinates and the co- 
ordinates stored in the SIM, and if the distance is smaller 



than said home area radius, the telephone concludes 
that it is in the home area. 

There are some problems involved in the prior art 
systems described above. In the first system, in which 

5 the identification codes of the home area base stations 
are stored in the telephone memory, the list has to be 
revised every time that a new base station is installed 
in the home area or the operation of the base stations 
is otherwise changed. The wider the home area, the 

io more frequent the need for revision, because in a wide 
area there will be changes more frequently than in a 
small area. From the point of view of the network oper- 
ator the updating work gets more laborious as the 
number of home area users in an area gets bigger. The 

15 memory capacity of the SIM is also limited and in an 
area with heavy traffic there are so many base stations 
that the home area base station list easily becomes very 
long. A Cellld parameter of a base station cannot be 
used in other base stations to enlarge the home area of 

20 a user since then also the home areas of all the other 
users registered in the same home area would be en- 
larged even if their agreements only covered the original 
home area. The second system primarily puts a strain 
on the user's memory, because a wide home area may 

25 mean many alphanumeric home area codes to memo- 
rize. In addition, if the user is assigned several zones 
with different tariffs, it easily becomes an overwhelming 
task to remember all the relevant details. In the third sys- 
tem, the home area always constitutes a circle around 

30 the home point, which is not practical in all cases. 

One aim of this invention is to provide a method for 
determining the base station specific special functions 
of a mobile telephone in an easy and flexible manner. 
Another aim of the invention is to provide a method with 

35 which it can be indicated to the user of a telephone 
whether a special function is available or applicable to 
him or her. 

The help meet these aims character sequences are 
used both in the telephone and in the message sent by 

40 the base station, combining of which in the telephone in 
a manner according to the invention yields a result on 
the basis of which it can be concluded whether or not 
the user and his or her phone have access to a given 
special function. 

45 According to the present invention from one aspect 
there is provided a method for determining in a radio 
communication device the availability of services relat- 
ed to the use of said radio communication device in a 
cellular network, when said network includes a base sta- 

50 tion and said radio communication device includes stor- 
age means and said base station repeatedly transmits 
a message, characterized in that said message includes 
a first character sequence and said radio communica- 
tion device selects on the basis of a second' character 

55 sequence stored in said storage means some of the 
characters in said first character sequence for making 
deductions and determines on the basis of comparison 
between the selected characters whether a particular 
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first service is available. 

It is characteristic of the method according to the 
invention, in which the base station sends a message 
to a radio communication device, that said device se- 
lects on the basis of a second character sequence 
stored in storage means at its disposal some of the char- 
acters in said first character sequence for making de- 
ductions and determines on the basis of the comparison 
between the selected characters whether a particular 
first service is available. 

According to the present invention from a second 
aspect there is provided base station equipment for use 
in a cellular network including means for transmitting a 
message, characterized in that it also includes means 
for adding a base station specific bit sequence to said 
message for the purpose of determination, in a radio 
communication device in said cellular network, the avail- 
ability of a particular service on the basis of comparison 
of certain characters in said bit sequence. 

According to the present invention from a third as- 
pect there is provided a radio communication device for 
use in a cellular network, including means for receiving 
a message and storage means for storing character se- 
quences, characterized in that it also includes means 
for selecting characters from a base station and/or area 
specific first character sequence included in said mes- 
sage on the basis of a second character sequence 
stored in said storage means for making deductions and 
for drawing a conclusion on the basis of said selected 
characters in order to determine whether a particular 
service is available. 

The invention is also related to base station equip- 
ment and a radio communication device to implement 
the method according to the invention. It is characteristic 
of cellular network base station equipment according to 
the invention, which includes means for transmitting a 
cell broadcast type transmission, that it also includes 
means for adding a base station specific bit sequence 
to said cell broadcast type transmission to determine in 
the radio communication device of said cellular network, 
by comparing individual characters in said bit sequence, 
whether a particular service is available. It is character- 
istic of the radio communication device according to the 
invention, which includes means for receiving a cell 
broadcast type transmission and storage means for 
storing character sequences, that it also includes means 
for selecting characters from a base station and/or area 
specific first and/or third character sequence included 
in said cell broadcast type transmission on the basis of 
a second and/or fourth character sequence stored in 
said storage means, and for making deductions on the 
basis of said selected characters in order to determine 
whether a particular service is available. 

The invention is based around the idea that com- 
paring a first character sequence sent by a base station 
and received by a radio communication device, or ter- 
minal, with a second character sequence stored in the 
terminal results in correct base station specific indica- 



tion when said character sequences and their compar- 
ison are arranged so that they can be processed one 
character at a time. This arrangement will be described 
in detail later in this document. In principle, said charac- 
5 ter sequences may be any signals that have a measure 
in some dimension, such as analog frequency or ampli- 
tude modulated signals or digital bit sequences. Since 
in a digital cellular network both the base station and the 
terminal are digital devices, the natural choice for char- 
's acter sequences are binary numbers that contain a cer- 
tain number of bits. The number of bits as such is not a 
significant factor in the invention, but it has an effect on 
the range of deduction possibilites obtained with the 
method of the invention. 
15 Below, the invention is described in detail with ref- 
erence to the attached drawing, in which 

Fig. 1 illustrates the principle of the invention in gen- 
eral, 

20 Figs. 2a and 2b illustrate a first embodiment accord- 
ing to the invention, 

Figs. 3a and 3b illustrate a second embodiment ac- 
cording to the invention, 

Figs. 4a and 4b illustrate a third embodiment ac- 
25 cording to the invention, 

Fig. 5 illustrates a fourth embodiment according to 
the invention, and 

Fig. 6 illustrates an embodiment of equipment ac- 
cording to the invention in the form of a simple block 
30 diagram. 

Corresponding parts in the figures are marked with 
the same reference numbers. 

By way of example, in the following embodiments 

35 the terminal is a mobile telephone and for reasons of 
simplicity it is assumed that there are 8 bits both in the 
first character sequence sent by the base station and 
received by the phone and in the second character se- 
quence stored in the phone (or in storage means used 

40 by the phone). The final number of bits can be deter- 
mined using an analysis taking into account the need 
for different variations when a given network operator is 
trying to establish a particular service. An advantageous 
number could be 16 bits, for example. 

45 With the power on, a cellular mobile phone 2 is re- 
ceiving in a manner which is known and in accordance 
with Fig. 1 messages sent by a base station 6 which can 
be received throughout the whole coverage area 3, even 
when the phone 2 is in the so-called standby state, ie. 

50 when no telephone connection is established to the 
phone. In the method according to the invention, the 
base station 6 transmits in a manner which is known : ie. 
as a so-called cell broadcast, a first character sequence 
4. The telephone 2 receives it and compares it with a 

55 second character sequence 5 stored in the phone, pref- 
erably in its SIM. On the basis of the comparison the 
phone concludes whether a local special function, such 
as home area pricing, is applied. 
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The comparison of character sequences 4 and 5 
can be performed in many different ways within the 
scope of the inventive idea and the claims set forth later 
in this document. The invention differs from known prior 
art especially in that the character sequences 4 and 5 
are character sequences, advantageously binary num- 
bers, that can be processed one character at a time. In 
a first embodiment of the invention, depicted in Figs. 2a 
and 2b, a telephone performs a logic AND function 15 
for all those bits in a first character sequence 4 that have 
a one in the corresponding position in a second charac- 
ter sequence 5. Such an operation, in which a second 
bit sequence determines which of the bits of a first bit 
sequence are taken under examination, is generally 
called masking and the second bit sequence, in this 
case the character sequence 5 stored in the mobile 
phone, is called a bit mask. The logic AND function 15 
produces the result 1 if there is a 1 also in the corre- 
sponding bit positions of character sequence 4 (Fig. 2a), 
and 0, if there is a 0 in at least one corresponding bit 
position of character sequence 4 (Fig. 2b). 

In a second embodiment of the invention, depicted 
in Figs. 3a and 3b, a telephone performs a logic OR 
function 1 6 for all those bits in a first character sequence 
4 that have a one in the corresponding position in a sec- 
ond character sequence 5. The masking operation is 
thus similar to the one performed in the first embodi- 
ment, but the logic OR function 16 produces the result 
1 , if there is a 1 in at least one corresponding bit position 
of the first character sequence (Fig. 3a), and 0 only if 
there is a 0 in all corresponding bit positions of the first 
character sequence (Fig. 3b). 

In the first and second embodiments discussed 
above, the value of the logic function 15, 16 performed 
by the telephone advantageously corresponds to the 
home area so that function value 1 indicates that the 
user is in the home area and function value 0 indicates 
that the user is not in the home area. For this purpose, 
the character sequence 5 stored in the storage means 
of the telephone is on the basis of an agreement be- 
tween the user and operator selected in such a way that 
its 1 bits (so-called set bits) are in such positions that in 
the cell broadcast messages of the base stations in the 
intended home area there is either a 1 bit in all corre- 
sponding positions (first embodiment, Figs. 2a and 2b) 
or a 1 bit in at least one. cor res ponding position (second 
embodiment, Figs. 3a and 3b). 

Information about the fact whether or not the user 
is in the home area, ie. whether the logic function has 
the value 1, can be easily conveyed to the user on the 
display of the mobile phone by means which are known 
to one skilled in the art. The first and second embodi- 
ments differ from each other in that if there are several 
1 bits in the second character sequence 5 stored in the 
phone, the potential number of base station specific 
character sequences corresponding to the home area 
is in the first embodiment significantly smaller than in 
the second embodiment since in the second embodi- 



ment one "matching- bit in the first character sequence 
is enough. By creating more complex recognition algo- 
rithms (e.g. "if any 2 of the first four bits in the first char- 
acter sequence are 1 ") it is possible to add various rec- 

s ognition possibilites. 

Since in the method according to the invention the 
character sequencies are examined one at a time (in the 
embodiments discussed above the telephone examines 
only those bits in the received first character sequence 

10 that have a 1 in the corresponding positions in the sec- 
ond character sequence stored in the memory of the tel- 
ephone), the method according to the invention pro- 
vides flexible ways to easily extend and modify both the 
network and the user specific regional service. Let us 

'5 assume, for example, that the coverage area of a net- 
work is extended by building a new base station be- 
tween two existing base stations and the coverage area 
of the new base station for the most part overlaps the 
coverage areas of the old base stations. Then the users 

20 with a regional agreement based on the coverage area 
of one or both of the old base stations have the right to 
require the same regional service also for calls transmit- 
ted via the new base station. When the operator sets 
the new base station to send a character sequence, or 

25 combination, obtained from the bits of the character se- 
quences of the old base stations with a logic OR function 
with a one in all those positions in which there is a one 
in the character sequence of either or both of the old 
base stations, he extends the regional service based on 

30 the character sequence sent by either of the base sta- 
tions also into the coverage area of the new base station 
without any updates to the users' phones or their user 
modules or other storage means. 

The applicability of the invention can be substan- 

35 tially extended in a third embodiment of the invention, 
in which base stations transmit: in addition to the base 
station specific character sequence, an area code de- 
termined by a larger area, which advantageously is a 
character sequence similar to the base station specific 

^0 character sequence and which hereafter will be called 
a third character sequence. This embodiment is illustrat- 
ed in Figs. 4a and 4b. The character sequences sent by 
the base station and received by the phone are the base 
station specific 4 and regional 7 character sequence. 

45 The telephone compares the regional character se- 
quence 7 which it has received either to the fourth char- 
acter sequence 8 stored in the memory (Fig. 4a) or to 
the same character sequence 5 to which it compares 
the first character sequence 4 (Fig. 4b). The comparison 

50 constitutes a same kind of masking as above and the 
function 17 used in the deduction performed on the ba- 
sis of the bits examined can be the same as or different 
than the function 18 used for comparing the first 4 and 
the second 5 character sequences. 

55 Yet another arrangement can be implemented in a 
fourth embodiment according to Fig. 5 : using only the 
first 4 and the second 5 character sequences, where the 
telephone examines using an AND function 20 accord- 
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ing to the first embodiment or another very restrictive 
function whether the user is in the area of his or her 
home base station and an OR function 1 9 according to 
the second embodiment or another less restrictive func- 
tion whetherthe user is in a larger home area comprising 
more base stations. 

In the third and fourth embodiments discussed 
above there may be at least four kinds of users in the 
same area. If the character sequences 5 and 8 stored 
in the phone of a user consist of zeroes only, then that 
user is not entitled to any special area specific service. 
A user whose character sequence 8 referring to the larg- 
er area consists of zeroes only, is entitled to a certain 
home area service in the smaller area, but not to the 
more extensive area service. A user whose character 
sequence 5 referring to the smaller area consists of ze- 
roes only, may only use the area specific services de- 
fined for the larger area. A user who has ones in the 
character sequences corresponding to both the larger 
8 and the smaller 5 area, may obtain e.g. certain area 
specific advantages in the larger area and some even 
more advantageous functions in his or her own home 
area. By further combining comparisons between the 
character sequences and using more complex recogni- 
tion algorithms it is possible to define a very large 
number of different service alternatives. Indeed, one of 
the biggest advantages of the method according to the 
invention is the chance to have hierarchically arranged 
zonal division regarding services and their pricing in 
agreements between the user and the service provider. 

Current base stations, too, usually transmit (in the 
GSM system that transmission is called a cell broad- 
cast) a base station identifier which is a number. If ex- 
amination and recognition of this number are combined 
with the operation of the phone, then the base station 
and area specific character sequences 4, 7 can be re- 
used somewhere else without having to take special 
steps in order to prevent the possibility that the user 
could, far away from his or her own home area, by 
chance arrive in an area where the phone would claim 
that the home area pricing is applied. 

Only slight additions to the current configuration are 
required for equipment to apply the method according 
to the invention. Fig. 6 shows a simplified block diagram 
of the equipment. The base station 6 in a cellular net- 
work shall include a transmission part 9 which transmits 
a GSM cell broadcast type transmission, as well as 
means 10 for adding an area and/or base station spe- 
cific character sequence to said transmission. Said 
character sequences are preferably 16-bit binary num- 
bers. Those parts 11 of the terminal 2 that participate in 
the reception must be able to receive said (in the GSM 
system, cell broadcast type) transmissions, preferably 
while the terminal is in the standby state, and the storage 
means 12 available to the terminal must be capable of 
storing character sequences similar to those transmitted 
by the base station 6. In addition, the terminal shall in- 
clude means 13 for comparing the received and stored 



character sequences with each other and for making de- 
ductions in the manner according to the invention, and 
preferably means 14 to indicate the results of the de- 
ductions to the user. 

5 The method of the invention is applicable to a tele- 

communication system where a mobile station is al- 
lowed to hunt for the most favourable base station in 
terms of pricing or other services that are specific to 
base stations. Let us assume that a mobile station is 

10 able to receive cell broadcasts from several different 
base stations. In most prior art telecommunication sys- 
tems the decision to route a call through a certain base 
station is based on radio propagation criteria. The deci- 
sion-making algorithms are designed to pick the base 

*5 station which can provide the most reliable radio com- 
munication link. If the mobile station performs the com- 
parisons according to the invention between the cell- 
specific bit sequences it has received and its own bit 
mask sequences, it may find out that one of the available 

20 base stations would off,er cheaper rates or other more 
favourable servicesy The mobile statidrvmay then route 
an existing call or acaH establishment procedure to that 
base station even if the quality of communication is thus 
lowered in comparison to another base station with a 

25 stronger signal but higher rates. A natural prerequisite 
is that the favoured base station is able to provide a min- 
imum level of communication quality. 

Above it has been described how service definitions 
based on the comparison of character sequences are 

30 divided on a geographical basis. However, there is no 
reason why the same inventive idea should not be ex- 
tended to temporal variation, for example. Then e.g. the 
character sequences transmitted by base stations 
would change according to the time of day, which would 

35 require no new functions in mobile phones in addition to 
the comparison functions described above. Neither 
would the user be required to learn anything new, be- 
cause the mobile phone would, according to the embod- 
iments discussed above, indicate to the user whether a 

40 special service is available or not. By suitably combining 
geographical and temporal division it is possible to 
achieve with the method according to the invention very 
extensive variation possibilities in the range of services 
provided to users, which is a significant advantage in 

45 the competition between operators for the growing mar- 
ket of mobile communications. 



Claims 

50 

1 . A method for determining in a radio communication 
device (2) the availability of services related to the 
use of said radio communication device (2) in a cel- 
lular network, when said network includes a base 
55 station (6) and said radio communication device (2) 
includes storage means (12) and said base station 
(6) repeatedly transmits a message, characterized 
in that said message includes a first character se- 
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2. 



3. 



4. 



5. 



6. 

characterized in that also said radio communication 
device (2) determines on the basis of comparison 
of selected characters, using a second comparison 
method (1 9), whether a particular second service is 
applicable. 

7. The method of any one of the preceding claims, 
characterized in that said message also includes a 
third character sequence (7), and said radio com- 
munication device (2) selects on the basis of the 
second (5) or fourth (8) character sequence stored 
in said storage means some of the characters in 
said third character sequence (7) and determines 
on the basis of the selected characters of the third 
character sequence whether a particular third serv- 
ice is applicable. 

8. The method of any one of the preceding claims, 
characterized in that said message also includes 
the number of said base station (6), and said radio 
communication device (2) also determines on the 
basis of that number whether any one of said serv- 
ices is applicable. 

9. The method of any one of the preceding claims, 
characterized in that the applicability of said servic- 
es is hierarchically arranged by geographical areas 
so that a first service is applicable in a first area and 
a second service is applicable in a second area 
which at least partly is included in said first area. 

10. The method of any one of the preceding claims, 
characterized in that at least one of the character 



sequences (4, 7) included in the message transmit- 
ted repeatedly by said base station (6) is regularly 
changed according to the time of day. 

11. In a mobile station of a cellular network, a method 
for choosing a certain base station among a plurality 
of base stations, in which method the mobile station 
receives a separate repeatedly transmitted mes- 
sage from each of the plurality of base stations, 
characterized in that each of the repeatedly trans- 
mitted messages includes a base station specific 
character sequence (4) and said mobile station se- 
lects on the basis of a second character sequence 
(5), stored in its memory storage means, some of 
the characters in said base station specific charac- 
ter sequences (4) for making deductions and deter- 
mines on the basis of comparison between the se- 
lected characters: 

through which subset of said base stations a 
particular first service is applicable, and 

through which one from said subset of base sta- 
tions it is most advantageous to apply said first 
service. 

12. Base station equipment (6) for use in a cellular net- 
work including means (9) for transmitting a mes- 
sage, characterized in that it also includes means 
(10) for adding a base station specific bit sequence 
to said message for the purpose of determination, 
in a radio communication device in said cellular net- 
work, the availability of a particular service on the 
basis of comparison of certain characters in said bit 

35 sequence. 

1 3. Base station equipment according to claim 1 2, char- 
acterized in that it also includes means for adding 
a base station group specific bit sequence to said 

40 message for the purpose of determining, in a radio 
communication device in said cellular network, the 
applicability of a particular service on the basis of 
comparison of certain characters in said base sta- 
tion group specific bit sequence. 

45 

14. A radio communication device (2) for use in a cel- 
lular network, including means (11) for receiving a 
message and storage means (12) for storing char- 
acter sequences, characterized in that it also in- 

50 eludes means (13) for selecting characters from a 
base station and/or area specific first character se- 
quence (4) included in said message on the basis 
of a second character sequence (5) stored in said 
storage means (12) for making deductions and for 
55 drawing a conclusion on the basis of said selected 
characters in order to determine whether a particu- 
lar service is available. 



quence (4) and said radio communication device 
selects on the basis of a second character se- 
quence (5) stored in said storage means some of 
the characters in said first character sequence (4) 
for making deductions and determines on the basis 5 
of comparison between the selected characters 
whether a particular first service is available. 

The method of claim 1 , characterized in that having 
determined whether said first service is applicable 10 
said mobile station (2) gives indication of this to the 
user. 

The method of claim 1 or 2, characterized in that 
said first character sequence (4) consists of logic 1 15 
and 0 symbols and said comparison between se- 
lected characters is a logic function. 

The method of claim 3, characterized in that said 
logic function is an AND function (15). 20 

The method of claim 3, characterized in that said 
logic function is an OR function (16). 

The method of any one of the preceding claims, 25 



45 
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15. The radio communication device of claim 14, char- 
acterized in that it also includes means (14) for giv- 
ing an indication to the user about the fact whether 
said service is applicable. 

5 

16. The radio communication device of claim 15, char- 
acterized in that it is a mobile telephone in a digital 
cellular network. 
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